ABSTRACT Infection with Toxoplasma gondii during pregnancy can lead to severe fetal sequelae. This cross-sectional study aimed to determine T. gondii seropositivity among a sample of young women in Jahrom, Islamic Republic of Iran. Four hundred and three young women with a mean age of 20.3 years who presented for pre-marriage laboratory testing were entered in the study. T. gondii antibodies (IgG and IgM) were measured using ELISA. Of the 403 women, 15% were seropositive for T. gondii antibodies (13% for IgG and 2% for IgM). Seropositivity for T. gondii IgG differed according to age groups but there was no significant difference (P = 0.83). IgM seropositivity showed the highest rate among women aged < 20 years. Many young women in Jahrom Province are susceptible to primary toxoplasmosis during pregnancy, therefore, appropriate educational programmes to improve knowledge in this population should be implemented to prevent toxoplasmosis-related congenital malformations. RÉSUMÉ L'infection par Toxoplasma gondii pendant la grossesse peut avoir de graves séquelles pour le foetus. La présente étude transversale visait à déterminer la séropositivité à T. gondii dans un échantillon de jeunes femmes à Jahrom (République islamique d'Iran). Les 403 jeunes femmes, d'une moyenne d'âge de 20,3 ans, qui se sont présentées pour des examens biologiques prénuptiaux, ont été recrutées dans le cadre de l'étude. On a mesuré les anticorps anti-T. gondii (IgG et IgM) en utilisant la méthode ELISA. Sur les 403 femmes, 15 % présentaient des anticorps anti-T. gondii (13 % pour les IgG et 2 % pour les IgM). La séropositivité pour les IgG anti-T. gondii n'était pas identique selon les tranches d'âge, mais il n'y avait pas de différence significative (p = 0,83). Le taux de séropositivité le plus élevé pour les IgM a été observé chez les femmes de moins de vingt ans. De nombreuses jeunes femmes vivant dans la province de Jahrom ne sont pas immunisées contre la toxoplasmose primaire pendant la grossesse. II faut donc mettre en oeuvre des programmes éducatifs appropriés afin d'améliorer les connaissances dans cette population pour les prévenir les malformations congénitales liées à la toxoplasmose.
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Introduction
Toxoplasma gondii infection is a common global infection in humans and animals. The prevalence of toxoplasmosis varies between geographical areas depending on cultural and ecological factors [1] . The major reservoirs of this infection are cats, birds and domestic sheep and goats [2] and the main known route of transmission to humans is consumption of unclean vegetables, fruit and water, which can be contaminated with animal faeces, and consumption of raw or half-cooked meat [3] . Infection with T. gondii in patients with normal immunity usually improves without clinical symptoms, but infection in pregnant women may lead to premature delivery, congenital toxoplasmosis, and even fetal death [4] [5] [6] [7] [8] .
In addition, some studies have shown that there is a suspicious relationship between prenatal depression and positive serology for toxoplasmosis in pregnant women [9] .
The risk of transmission of this parasite to the fetus ranges from 0.6 to 1.7 per 1000 pregnancies worldwide and it is estimated that congenital toxoplasmosis is the second most frequent intrauterine infection [10] . In the Islamic Republic of Iran, about 3 200 children develop congenital toxoplasmosis every year [4] .
Physicians should be aware of the risk of toxoplasmosis in pregnant women and the fetus. Therefore, it is important to know the immune status for this infection in women who want to become pregnant. To the best of our knowledge, there have been no previous reports about immune status of women in our region, and the susceptibility of mothers to deliver babies with congenital toxoplasmosis is unknown. We conducted this study in Jahrom, Southern Islamic Republic of Iran to determine the status of immunity to toxoplasmosis in young women who wanted to marry and were going to be pregnant in the near future. The results may be used in protocols for the prevention of congenital toxoplasmosis in the Islamic Republic of Iran.
Methods
We conducted this cross-sectional study on 403 young women who were tested for T. gondii antibodies (IgG and IgM) between April 2006 and March 2008 in Jahrom, Islamic Republic of Iran. The women had been referred to health centres for premarital laboratory tests, which are normally obligatory in the Islamic Republic of Iran. The women were selected by convenience sampling. The exclusion criteria were as follows: (1) women with autoimmune disorders; or (2) women with immunosuppression and/or malignancy. No additional needle administration was incurred by the women for the purposes of this study. Informed consent was obtained and then blood samples were withdrawn. Then questions about age, residency, contact with cats, and type of meat consumption (boiled or roasted) were asked of each of the selected women. The Research Ethics Committee of the Jahrom University of Medical Sciences reviewed and approved the study design and the informed consent documents.
After blood sampling, serum was separated and kept at -20 °C until the enzyme-linked immunosorbent assay (ELISA) was performed. Serum IgG and IgM antibodies to T. gondii were measured using Toxo IgG and Toxo IgM ELISAs (Dia-Pro, Milan, Italy). Based on the manufacturer's guidelines, we considered IgG values ≥ 50 IU/mL to be seropositive and <50 IU/mL to be seronegative. For IgM, the test was qualitative and the result was positive or negative.
All statistical analyses were performed using SPSS for Windows version 11.5. The frequencies and percentages were presented and the χ 2 test was used for statistical evaluation. P < 0.05 was considered to be statistically significant.
Results
The characteristics of the pregnant women are listed in Table 1 . The mean (SD) age of the 403 women was 20.35 (SD 4.77) years (range: 11-45 years) Three hundred and five women (76%) were aged 16-25 years and 55 were <16 years.
Mean (SD) anti-toxoplasma IgG level was 102.16 (SD) 348.98 IU/mL (range: 0-3319 IU/mL) ( Table 2 ). Of the 403 women studied, 52 (13%) were positive for T. gondii IgG (≥ 50 IU/mL) and 351 (87%) were negative (<50 IU/ mL). Eight women (2%) were positive and 395 (98%) were negative for T. gondii IgM (Table 2 ).There was no significant difference regarding the presence of IgG antibody among different age groups (P = 0.83) ( Table 2) . IgM seropositivity was highest in women aged <20 years, but the difference was not statistically significant (P = 0.27).
The frequency of T. gondii antibody (IgG and/or IgM) in rural residents was higher than in urban dwellers but the difference was not significant (P = 0.53) ( Table 2 ).It should be noted that 66.3% and 45.8% of the rural and urban residents were below 20 years old, respectively. The frequency of total T. gondii antibody (IgG and IgM) in participants who had contact with cats (13%) was not significantly different from that in those without contact (12.5%) (P = 0.7). The frequency of T. gondii IgG and/or IgM in participants who used roasted meat (14.5%) was not significantly different from that in those who used boiled meat (12.2%) (P = 0.7).
Discussion
Eighty-five percent of the young women in our study were susceptible ‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫عرش‬ ‫التاسع‬ ‫املجلد‬ 3 ‫اإلضايف‬ ‫العدد‬
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to toxoplasmosis, which is similar to previous studies in the Islamic Republic of Iran [3, 4, [11] [12] [13] [14] and in other countries. In a study in Hebron, Palestine, 27.9% and 21.4% of rural and urban women, respectively, were positive for Toxoplasma antibody [15] . In Nigeria, 40.8% of pregnant women were positive for Toxoplasma antibody [16] and in Vojvodina, Serbia, 70% of women of reproductive age were susceptible to toxoplasmosis [8] . In Ireland, 75% of women were susceptible to primary toxoplasmosis during pregnancy [17] . In a prospective study in Italy, prenatal polymerase chain reaction showed that seven of 50 (14%) had positive immunological status for toxoplasmosis, and 17% of their infants were infected at 1 year serological follow-up [18] . In a study in Shanghai, China to explore the prevention and treatment of early pregnancy TORCH infection (toxoplasmosis, other infections, rubella, cytomegalovirus, herpes simplex 2), 3.28% of cases were positive for Toxoplasma IgM antibody [19] . Therefore, we should pay particular attention to toxoplasmosis in young women in order to prevent complications of this disease during pregnancy. In our study, although the frequency of seropositivity differed between the age groups, the difference was not statistically significant. This pattern contradicts some other studies. For example, in a study in Goiania, Brazil, age 20-30 years was found to be a risk factor for toxoplasmosis [20] . We cannot draw similar conclusions because our study was not designed for that purpose and the proportion of women in each age group was not equal. One of the recommendations for the prevention of congenital toxoplasmosis is educating women of reproductive age to avoid contact with soil (e.g. farming and gardening) [21] . Some authors suggest that health education for all pregnant women (especially focused on local risk factors) can reduce the incidence of congenital toxoplasmosis [17, 22] . We found that the proportion of young women aged <20 years, and who intended to marry, was higher in rural than in urban areas (66.3% vs. 45.8%). Therefore, more emphasis should be placed on health education in the rural population in the present study. In addition to educational programmes for rural residents, all general physicians and obstetricians should consider toxoplasmosis during pregnancy as a major health concern and provide appropriate recommendations for women at risk.
The presence of Toxoplasma-specific IgG does not always mean that an individual has absolute protection against infection. Therefore, regardless of immune status, hygienic and dietary preventive measures should be considered [23] .
Toxoplasma transmission to the fetus nearly always happens during gestation or shortly before conception. Otherwise healthy women with previous toxoplasmosis only rarely transmit the infection to their infants. In some countries (such as France and Austria) seronegative pregnant women are tested monthly during gestation. In women who are positive for anti-Toxoplasma IgG, serum should be tested for IgM, followed by confirmatory testing if IgM is positive. In women with a positive titre for anti-Toxoplasma IgG, without clinical signs, and a negative IgM antibody test result in the first trimester, no further testing is necessary, because the probability of acute acquired infection is rare in such cases [24] . A negative IgM test rules out acute infection in the second trimester of pregnancy, but in the third trimester, a negative IgM result may occur with acquisition of infection earlier in gestation [25] . It is recommended to treat acute infection in the first trimester with spiramycin and in the second or third trimester by pyrimethamine-sulfadiazine [25] .
In our study, 13% of the women had a history of contacts with cats, which is similar to studies in other countries such as Korea (13%) [26] and Ireland (12.8%) [27] . In some studies, such as that of Daryani and Sagha [3] , contamination of meat is presented as the main route for toxoplasmosis transmission, which may be dependent on the method of preparation of the meat. In our study, the method of cooking was not significantly different in women with high or low titre of toxoplasmosis.
In conclusion, a high number of young women in Jahrom are susceptible to primary toxoplasmosis during pregnancy, therefore, appropriate educational programmes should be implemented to raise awareness of and prevent Toxoplasma-related congenital malformations. Funding: The study was funded by Jahrom University of Medical Sciences, Jahrom, Islamic Republic of Iran. Competing interests: None declared.
